Introduction
Human cytomegalovirus (HCMV) infection of the immunocompetent host does not usually cause clinical symptoms, whereas infection of the immunocompromised host often gives rise to severe and even fatal disease. Morbidity and mortality associated with primary HCMV infection are common in immunosuppressed transplant recipients and in immunodeficient human immunodeficiency virus-infected patients. Furthermore, intrauterine primary infections are second only to Down's syndrome as a known cause of mental retardation (for review, see Ho, 1982) .
Primary HCMV infection is diagnosed by serological methods, i.e. demonstration of the appearance of antibodies to HCMV in previously seronegative subjects. HCMV-specific IgM is a sensitive and specific indicator of primary HCMV infection, except in immunocompromised patients, e.g. renal transplant recipients who are reinfected or in whom the virus is reactivated. The detection of cytolytic IgM or IgM to the non-structural 52K nuclear antigen can also be useful (Landini et al., 1989) , as can a competitive ELISA (Schmitz et al., 1986) .
A few years ago a new approach for the diagnosis of primary HCMV infection was proposed (Revello et al., 1986) . The approach was based on the identification by immunofluorescence of an IgM antibody reacting with the membrane of uninfected human embryonic lung fibroblasts. In fact, in patients recovering from primary HCMV infections IgM antibody to uninfected cell membrane is detected in 100% of subjects over 13 years of age and in 75 % of those aged 2 to 6 years, whereas they are never found in control group patients.
The aim of the present work was to define the site in the uninfected cell membrane with which the IgM antibody reacts. The results show that there is a common antigenic epitope shared by a cell membrane component of Mr 60K (mp60), which is recognized by IgM present in sera from patients with primary HCMV infection, and the HCMV assembly protein of Mr 38K (p38), which is known to be one of the most IgM-reactive antigens of HCMV
Methods
Cells and virus. Human embryonic fibroblasts (HEFs), purchased from Flow Laboratories (Flow 2002) , were grown in MEM with 10% foetal calf serum. Cells were used at different in vitro passages (from 7 to 30). In addition, human adult fibrubalsts (HAFs) derived from skin biopsies were used at passage 3. HEp-2, 3T3, Vero and MDCK cell cultures for control experiments were obtained from the ATCC.
The Towne strain of HCMV was used in some experiments. The virus was propagated and purified as described by Stinski (1978) . Sera. Sera from eight patients with primary HCMV infection, two with non-primary HCMV infections and from two non-infected patients were used in the first part of this work. The clinical and serological characteristics of the patients are shown in Table 1 . Sterile serum samples were stored at 4 °C without the addition of preservatives until tested.
0001-0242 © 1991 SGM Another 40 human sera from individuals (mainly pregnant women and renal transplant recipients) with HCMV-specific IgM, as determined by IgM capture ELISA, were used in the second part of this work.
Rabbit antisera (962 and 888) to p38 antigenic determinants cloned in expression vector pEXStuI (provided by Dr W. Lindenmeier, Braunschweig, Germany and obtained as described recently ; Landini et al., 1991) were also used.
Determination of anti-HCMV IgG and IgM antibody by ELISA. For
IgG determination, sera were tested using a nuclear antigen obtained by glycine extraction of infected and uninfected nuclei prepared as described (Friedman et al., 1982) .
HCMV-specific IgM was detected by an antibody capture ELISA system employing a peroxidase-labelled HCMV nuclear antigen developed as described (Schmitz et al., 1980) .
Rheumatoid factor (RF)-determination.
The presence of RF was determined using an ELISA technique as described previously (Revello et al., 1986) .
lmmunofluorescence tests on uninfected cells, The anti-complement immunofluorescence (ACIF) test for the determination of IgM to HEF membrane was performed as described previously (Revello et al., 1986) . Briefly, the test was performed on living cells grown in chamber slides. The sera were tested at 1 : 20 dilution. After a 30 min incubation with human sera and washes with PBS, human complement from an HCMV-negative donor was incubated for 30 min and the reaction was stopped by adding a goat anti-human C3 ttuorescein conjugate (Cooper Biomedical) . ACIF test controls consisted of performing the test in the absence of complement or mp60-positive serum.
Purification of a plasma membrane-enriched membrane fraction. A plasma membrane-enriched membrane fraction was obtained from uninfected HEFs (1 x 108 cells/experiment) following the procedure described by Resh & Erikson (1985) . Briefly, cells were washed with STE buffer (150 mM-NaCI, 50 mi-Tris-HCl, 1 mM-EDTA), removed from the plastic surface by vigorous pipetting with cold STE buffer, collected by centrifugation and resuspended in hypotonic buffer. After 30 min incubation on ice, cells were broken using a Dounce homogenizer, the solution was brought to 0.25 M-sucrose, 1 mM-EDTA and 1 mM-PMSF, centrifuged at 1000g and the supernatant was saved as SNI. The pellet was resuspended in 0.25 M-sucrose, 10 mM-Tris-HCI, 1 mM-EDTA, 1 mM-PMSF and homogenized again. After centrifugation, the supernatant obtained (SN2) was mixed with SN1 and ultracentrifuged at 27 500 r.p.m, in a SW60 rotor for 1 h. The pellet was resuspended in STE buffer and stored in aliquots at -70 °C until use.
Preparation of red blood cell (RBC) ghosts. RBCs were obtained from
two adult blood donors and RBC ghosts were prepared by digitonin lysis, as described by Kay (1983) .
For absorption of sera with RBC-mp60, 800 Ixg of protein from RBC ghosts was run on a 9% acrylamide gel, separated polypeptides were Western blotted, proteins were visualized on nitrocellulose by Ponceau S staining (Sigma) and a 0.5 cm strip, corresponding to RBC ghost proteins of 55K to 65K, was cut, incubated for 1 h with 3 ~ gelatine and 1% bovine serum albumin (BSA) in TBS, and used to absorb specific antibodies from sera.
Identification of HCMV protein and uninfected cell membrane protein recognized by lgM.
Proteins were denatured in the presence of SDS and 2-mercaptoethanol, and separated by SDS-PAGE using the discontinuous buffer system of Laemmli (1970) . Unless otherwise indicated gels were 9% acrylamide cross-linked with 0.24% N,N-methylene-bisacrylamide. Western blotting (in SDS-free transfer buffer) and immune reaction with sera were performed as described (Landini et al., 1985) .
To determine whether IgM reacting with uninfected cell protein p60 cross-reacted with viral protein(s), two different experiments were carried out.
(i) Nitrocellulose paper with blotted proteins from semi-purified membrane extract from uninfected fibroblasts was stained with Ponceau S and a thin strip was cut in the middle and 6 mm below the 66K marker. The strip was washed several times to remove the red stain, blocked with gelatine and BSA, and incubated overnight with a pool of two sera positive for lgM to rap60. After extensive washing, antibody was eluted with 0.2 M-glycine-HCl pH 2.5, neutralized with 1 M-potassium phosphate pH 9.0 and immediately used as probes on nitrocellulose blots of separated polypeptides from lysates of mockinfected and infected cells, as well as purified virus. Western blotting and immune reactions were performed as described (Landini et al., 1985) .
(ii) Nitrocellulose containing blotted proteins from purified HCMV was stained with Ponceau S and a thin strip was cut a few mm above the 31K marker. This strip, containing HCMV p38, was used for affinity purification of IgM from a pool of two sera that were IgM-positive for both mp60 and p38. IgM reactive with p38 was then used as a probe of blots containing separated polypeptides from a membrane extract from uninfected HEFs, prepared as described above.
Results

Reactivity of IgM with uninfected cell membrane as detected by A CIF
As shown in Table 1 all eight patients with a primary HCMV infection developed IgM antibodies against HEF membranes (MA-IgM). The two patients with nonprimary HCMV infection and the two with no infection gave negative results. This is in agreement with data published previously showing that antibody to uninfected cell membranes is detected in 100~ of subjects over 13 years of age with primary HCMV infection, and is never found in control group patients. In ACIF test specificity controls performed in the absence of IgM antibody to rap60 or complement, no cell membrane staining was seen (data not shown).
A pool of MA-IgM-positive sera was used to study the membrane antigen expression on HEF cells and other human and animal cells. HEFs were negative at passages 5, 10 and 15, whereas they were positive at passages 20, 25 and 30. Both the intensity of the staining and the number of cells giving a positive reaction increased in parallel with the number of in vitro passages. The results are summarized in Table 2 . ~-Results are recorded as (-) negative or (+ to + + + +) positive depending on the number of positive cells and intensity of staining.
Typical patterns of immunofluorescent staining are shown in Fig. l(a and b) . The antigen seemed to be spread over the surface of the cell and had a fine granular distribution. Single cells or groups of cells gave a positive reaction. With highly positive human sera and high passage HEFs, approximately 40~ of cells exhibited membrane fluorescence (data not shown).
In Table 2 the results obtained with other fibroblasts, and cultured human and animal epithelial cells in vitro are also shown. HAFs from three adult subjects at passage 3 gave the strongest positive reaction. An ACIF image is shown in Fig. 1 (c and d) . The distribution and disposition of staining was similar to that observed on HEFs. Negative results were obtained with HEp-2, 3T3, Vero and MDCK cells (data not shown).
Determination of the cellular protein recognized by MA-IgM
Two groups of sera selected on the basis of immunofluorescence results were studied for their IgM reactivity with Western blotted proteins from the plasma membrane-enriched membrane fraction obtained from uninfected HEFs at passage 26. The results are shown in Fig.  2 . Of 14 sera that were positive for MA-IgM by ACIF, 13 gave a positive reaction with a band of approximate Mr 60K to 62K (mp60). The negative serum sample gave some positive staining of the same band (data not shown) when retested at a lower dilution (1:5 instead of 1 : 10). Of 10 sera that were negative for M A -I g M by A C I F none showed any reactivity with rap60.
Presence of mp60 on the sur[ace of RBCs
During p r i m a r y H C M V infection evidence of haemolytic a n a e m i a may appear, so we d e t e r m i n e d whether mp60 recognized by M A -I g M was also present on the surface of RBCs. As shown in Fig. 3 four M A -I g Mpositive sera (randomly taken from the M A -I g Mpositive sera described in Table 1 ) recognized a protein of 60K on R B C ghosts (RBCmp60), whereas four M A -I g M -n e g a t i v e sera (randomly taken from the M A -I g M -n e g a t i v e sera described in Table 1 ) did not show any reactivity. Two R B C ghost p r e p a r a t i o n s (RBCs were o b t a i n e d from two different blood donors) were used and no difference was observed between them (data not shown).
To verify the possibility that mp60 present on fibroblast cells corresponded to R B C m p 6 0 , we a b s o r b e d a pool of two mp60-positive h u m a n sera with R B C m p 6 0 . The a b s o r b e d pool was then tested with blots of proteins from a m e m b r a n e extract of uninfected fibroblasts. As shown in Fig. 4(b) , after a b s o r p t i o n with R B C m p 6 0 the reaction with fibroblast mp60 was almost completely abolished.
Determination of the cross-reactivity between mp60 and HCMV assembly protein
To determine whether I g M binding to mp60 was due to antigenic cross-reaction with a viral polypeptide, we affinity-purified I g M on mp60 as described in M e t h o d s
--116-2K --9 7 . 4 K 66.2K Fig. 2 . Identification of the IgM-reactive antigen in uninfected cell membranes using a group of 14 MA-IgM-positive and a group of 10 MA-IgM-negative sera. A plasma membrane-enriched membrane fraction was prepared from uninfected HEFs by the procedure described by Resh & Erikson (1985) . Membrane proteins were denatured in the presence of SDS and 2-mercaptoethanol, and then separated by SDS-PAGE (9~ acrylamide gel) and transferred to nitrocellulose. Immune reactions with sera were performed as described (Landini et al., 1985) . (a) Sera positive and (b) sera negative
for MA-IgM were tested at 1:20 dilution. A peroxidase-conjugated rabbit immunoglobulin to human p. chains (Dako) was used at a dilution of 1:100. Numbers to the right indicate the MrS of protein markers (Bio-Rad).
and used it as a probe on W e s t e r n blots of proteins from uninfected and infected cell extracts, as well as from purified virus particles. The results o b t a i n e d are shown in Fig. 5(a) . I g M to mp60 again reacted with a Table 1 ) is shown in (a). The reactivity of three MA-IgM-negative sera (T.M. + 10, S.G. -15 and E.M. +68, lanes 1 to 3; described in Table 1 ) is shown in (b). All the sera were used at a 1:20 dilution. A peroxidase-conjugated rabbit immunoglobulin to human ~t chains was used at a dilution of 1:100. Numbers on the right indicate the Mrs of protein markers (Bio-Rad). Fig. 4 . Membrane reactivity of affinity-purified IgM to p38 and of a pool of mp60-positive sera absorbed with RBC ghosts. (a) IgMs to HCMV p38, affinity-purified as described in Methods, were used as probes on nitrocellulose blots with separated polypeptides from a plasma membrane-enriched membrane fraction, prepared as described in the legend to Fig. 2 . The reactivity of the pool of sera is shown in lane 1, and the reactivity of affinity-purified IgM to p38 is shown in lane 2.
(b) A pool of two mp60-positive sera was absorbed with RBCs as described in Methods. Lane 1 shows the reaction with rap60 before absorption, lane 2 that after absorption. . Reactivity of mp60-affinity-purified IgM from human sera with HCMV polypeptides. IgM to rap60, affinity-purified as described in Methods, was used as a probe on nitrocellulose blots with separated polypeptides from lysates of mock-infected cells (lanes 3), infected cells (lanes 2) and purified virus (lanes 1); 50 ~tg of protein was run in each lane. The reactivity of purified mp60 IgM (a), IgM from a pool of human sera with a high IgM titre to HCMV (b) and a rabbit antiserum to HCMV assembly protein (c) are shown. Western blotting and immune reaction were performed as described in the legend to Fig. 2 . A peroxidase-conjugated rabbit immunoglobulin to human p chains (a and b) and a peroxidase-conjugated swine immunoglobulin to rabbit immunoglobulifls (c) (both from Dako) were used at a dilution of I : 100. Numbers on the right indicate the Mrs of protein markers (Bio-Rad).
p o l y p e p t i d e of 6 0 K p r e s e n t in u n i n f e c t e d a n d i n f e c t e d cell extracts, a n d also ( a l t h o u g h to a lesser extent) in purified viral particles. F u r t h e r m o r e , in i n f e c t e d cells exclusively I g M strongly r e c o g n i z e d p38. A w e a k r e a c t i o n was also o b t a i n e d w i t h a p r o t e i n o f a p p r o x im a t e l y 5 2 K (icp52). A s s h o w n in Fig. 5 (b) , p38 was o n e o f the m o s t a n t i g e n i c p r o t e i n s p r e s e n t in the i n f e c t e d cell e x t r a c t a n d was r e c o g n i z e d by a pool o f sera f r o m i n d i v i d u a l s acutely i n f e c t e d w i t h H C M V . I c p 5 2 was also r e c o g n i z e d by a n t i b o d i e s p r e s e n t in h u m a n sera. A c c o r d i n g to a r e c e n t r e v i e w ( L a n d i n i & M i c h e l s o n , 1988), only o n e m a j o r H C M V p r o t e i n o f M r 3 8 K has b e e n d e s c r i b e d . T h i s p r o t e i n has b e e n called a s s e m b l y p r o t e i n b e c a u s e it is copurified w i t h c a p s i d s l a c k i n g D N A a n d n o t f r o m m a t u r e capsids, a n d t h e r e f o r e is (a) (b) 1 2 3 4 5 6 7 8 9 1 2 postulated to play a role in D N A packaging. An antiserum raised against p38 recognized a protein of 38K which comigrated with the p38 recognized by anti-mp60 IgM (Fig. 5c) .
To verify the possibility that mp60 shares antigenic sites with the assembly protein of HCMV, two experiments were carried out.
(i) We used antisera against H C M V assembly protein as a probe with blots of membrane proteins from uninfected cells. For this purpose two different antisera were used, 962 and 888. Antiserum 962 was obtained by immunizing a rabbit with a fusion protein containing amino acid residues 103 to 373 of the native viral protein, whereas antiserum 888 was obtained using a fusion protein containing amino acids 57 to 226 (Landini et al., 1991) . As shown in Fig. 6 , one of the two antisera (962) reacted strongly with mp60. No reactivity was observed with preimmune sera. The same antiserum reacted with rap60 on blots of polypeptides from RBC ghosts (data not shown).
As hyperimmune rabbit antisera frequently show nonspecific reactivity and preimmune sera do not, we also tested several other hyperimmune rabbit sera. Two antisera raised against human rotaviruses (HRV DS-1 SS and Wa SS), an antiserum against Eseherichia eoli fl-galactosidase, an antiserum against BSA and an antiserum raised against Bio-Rad P A G E Mr markers. As shown in Fig. 6 , they were all negative with mp60.
(ii) We affinity-purified IgM on H C M V assembly protein as described in Methods and used it as a probe on Western blots of proteins from a semi-purified membrane fraction. The results are shown in Fig. 4(a) . IgM to H C M V p38 reacts with a polypeptide of 60K present in uninfected cell membranes.
Distribution of I g M to mp60 and to viral p38
To determine whether the general distribution of IgM to viral p38 and to mp60 in the population overlapped, 40 human sera, containing IgM to H C M V as determined by IgM capture ELISA, were tested in parallel for the presence of IgM reactive with uninfected cell membrane proteins and H C M V structural polypeptides. The results obtained are shown in Table 3 . Of 40 IgM-positive sera, 29 had IgM to p38 and of these only 15 had IgM to mp60; 25 sera had no IgM to mp60 and of these only 14 had IgM to p38. It is important to point out that the 15 sera with IgM to mp60 also reacted with p38.
These results suggest both that p38, as well as the epitope cross-reacting with mp60, contains specific IgMreactive regions and that IgM reactivity to mp60 is due exclusively to the epitope shared with viral p38. These suggestions were confirmed by two absorption experi-ments. A pool of three sera showed a 25 9/00 decrease in its IgM titre to vp38 after absorption with mp60 and a pool of two mp60-positive sera became completely negative after adsorption with viral p38 (data not shown).
Discussion
Viruses have been demonstrated to have antigenic determinants which elicit antibodies which cross-react with host proteins; during a virus infection antibodies to host proteins can often be detected in the circulation. Several antibodies which cross-react with various viruses and host proteins are reviewed by Fujinami & Oldstone (1985) and Fujinami et al. (1983) .
Immunological abnormalities of an autoimmune nature are often seen to develop and become resolved following the acute phase of primary HCMV infection. These aberrations include the presence of high titre RF, anti-nuclear (Wager et al., 1968) and anti-smooth muscle (Andersen & Andersen, 1975) antibodies, and haemolytic anaemia (Zeuler et al., 1966) .
A few years ago it was shown that during primary HCMV infection IgM antibodies reacting with the membrane of uninfected HEFs (MA-IgM) can be detected in 100 % of individuals over 13 years of age; the serological determination of MA-IgM was proposed as a serological test for identification of primary HCMV infection (Revello et al., 1986) . In this study we have obtained data useful to the understanding of this phenomenon.
The membrane antigen recognized by IgM in individuals with primary infection seems to be present on human fibroblasts and its synthesis is dependent of the age of the cells. In fact we have shown by ACIF that the membrane antigen is always present in fibroblasts from adult donors, whereas in embryonic cells at least 20 in vitro passages are required before its presence can be detected. In Western blotting, IgM reacts mainly with a membrane component of Mr 60K (mp60). This antigen was shown to be present abundantly on the surface of RBCs of adult blood donors. However, further experiments are necessary to define precisely the nature and function of mp60.
Mp60 affinity-purified IgM was shown to react with a protein of 38K present exclusively in HCMV-infected cell extracts. A protein of the same Mr was also recognized by an antiserum reacting with HCMV assembly protein (Irmiere & Gibson, 1985) , suggesting the presence of a common epitope in mp60 and HCMV assembly protein, which was already known (Landini et al., 1985 (Landini et al., , 1986 to be one of the major IgM-reactive antigens of HCMV. To test this possibility, HCMV p38 anti-IgM was affinity-purified and shown to react with fibroblast mp60, and two antisera raised against different portions of HCMV assembly protein were tested for their ability to react with mp60. Only one gave a positive reaction. On the basis of this result the region of homology between mp60 and HCMV assembly protein can be localized to a linear determinant approximately between amino acid 226 and the C terminus of the viral protein. However, this linear epitope does not seem to be the major epitope responsible for inducing an IgM response to HCMV vp38, because many sera containing IgM to this protein do not react with mp60. These sera are most probably from individuals with secondary HCMV infection.
The first practical implication of our result is that the detection of IgM to mp60 by Western blotting could replace ACIF on living cells in the serodiagnosis of primary HCMV infection. Furthermore, this is the second report of an HCMV-encoded polypeptide with homology to a cellular component expressed on the cell surface, the first being the homology between a viral immediate early protein and HLA-DR antigen (Fujinami et al., 1988) . This finding could be relevant to the pathogenesis of HCMV disease. The localization of the cross-reactive self antigen on the plasma membrane of uninfected cells leads to speculation that the possible cytolytic activity of IgM is involved directly in the pathogenesis of viral disease. This speculation is supported by the finding that cytolytic IgM is a marker for primary HCMV infection (Betts & Schmidt, 1981) .
Finally the presence of the cross-reactive antigen on the membrane of human RBCs gives a possible explanation for the pathogenesis of the haemolytic anaemia which may appear during primary HCMV infection.
